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Seetion I

INTROIAUJCTION

BACKGROUND

The principles of military vehicle camouflage by reflactance was demonstrated
under a previous feasibility contract* in which a jeep was successfully concealed using
a reflective screen. In that program, the concealment of a 1/4-ton Jeep; vehicle was
achieved by using an independently supported mirror made of aluminized Mylar.

PR(ORAM OBJECTIVES

This program wa4 started in an effort to show the practicality of the same
reflective technique applied to the hull of an MG0 tank. The size and operational use
of this vehicle made it a challenging subject for a camouflage system of thib type.
In order to meet the requirement of practicality, the camoutl. re system must not
only achieve the primary purpose of concealing the vehicle from enemy observation,
but also must not interfere with the major functions of the tank such as movement of
the turret and gun. Also, the system must be easy to operate and maintain, and be
capable of being quickly erected, taken down and stored. It must be rugged enough
to %% thstand the rigors of combat operations and as small and light as possible for
stowage on the vehicle.

ANTICIPATED DESIGN EFFORTS

In order to achieve an initial practical prototype terrain reflectance sy-,tenm,
several engineering dc:;ign requirements and trade-offs had to be developed early
In the program. First, It was necessary to establish the system concept. This w-s
achieved by participating early In the program with selected members of the USA LWL's
military and engineering staff. These discussions resulted in the requirement for the
tank terrain reflectance system to conceal only the hull of the vehicle when parked.
The turret and guns were to be camouflaged via other techniques. The concept 01 using
two different schemes to camouflage a vehicle Is unique, yet provides the operatonal
capability of being able to utilize the vehicles weaponry in the defensive posture. Further
military design requirements were that the system should be capable of being st~red on
the tank In a non-interfering manner, (e.g., the rack on the turret was notto be considered
because It is used for other critical Items In combat). The unit was to be rugg~d and

* DAAD 05-72-C-0314, "Camouflage Through Reflectance of The Natural Er.vironmcnt"
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capable of being erected in a rapid time frame (approximately 15 minutes). The engineering
recrdirements were (1) that no drilling or modifications could be made on the vehicle to
accommodate the system and (2), that the prototype system would conceal the front and
one side of the vehicle's hull. The required effective ranges were 500 meters or greater
for ground observation with the unaided eye. The system developed by General Electric
may be seen in the frontispiece. The two-man crew is in the process of rewinding the
side screen.

SUB-TASK DESCRIPTION & RESULTS

Once tPe general design considerations were established, several technical in-
vestigations were required to support and influence the prototype design. These in-
dividual investigations and resulting data are summarized in the sub-task descriptions
given later in this report.

Finally, the pru'rtype system was field tested in order to determine if the terrain
reflectance hardware was effective and practical as a camouflage concept for the M60
tank. These tests were performed both at the contractor's facility in Pittsfield, Mass.,
and on the Aberdeen Proving Ground reservation in Maryland. These were primarily
ground-to-ground visual observation tests at a range of less than 500 meters. During
both the Pittsfield and Aberdeen trials, the government furnished different night
observation and thermal viewing optical devices for limited observations. These trials
were included to ascertain if the terrain reflectance concept offered any potential as a
countermeasure for these devices. The number of trials was not intended to be sufficient
to estabtish definite conclusions - only general trends. The results of these field tests
are summax ized in this report.

The camouflage technique achieved by the successful application of reflective screens
(or mirrors) can be described as a merging or blending of the subject into its
surroundings by reflecting the immediate foreground to the observer. The detectability
of the screen is made more difficult by its ability to accurately reflect the colors, forms
and movements of the surrounding terrain. Terrain characteristics will vary considerably
with changes in wenthcr, season and location. However, as long as the background and
foreground are similar, the reflected image will blend naturally. A reflective screen
camouflage system will adapt to the environment in which it is used and re-adapt as that
environment changes.

There are several limitations to the degree a practical camouflage system can
produce the desired blend with the background. Some of these limitations can be re-
duced by engineering design and materials. Other limitations are imposed by nature,.
and are not as easily overcome.
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To be most effective, the mirror had to reproduce the color and brightness
of the foreground terrain as faithfully as possible. This dictated high specular
reflectance over the spectrum of interest. The mirror also had to be flat enough
so that no gross image distortions were created that were noticeable from a
reasonable distance. Of great Importance was that no distortion of the surface
allowed "skylight" to be reflected to the observer. Additionally, the mirror must be
rigid enough that no gross movement of the image was presented to the observer as
a result of wind disturbance.

The system depends on no noticeable discontinuities or contrasts between the
shield and its surroundings. The system is degraded to the extent that the mirror
is not able to reflect an image matching the surroundings. This can occur when the
foreground vegetation or terrain is different from the background. Lighting
differences are also important. If the sun is behind the camouflage vehicle, the
observer sees the shaded side of most vegetation: however, the mirror reflects the
image of the sunlit side of the terrain. The opposite is true with the sun behind the
observer. The mirror will compensate to some degree for these effects by casting
a shadow (with the sun behind) or light (with the sun in front) thus neutralizing the
contrast in lighting.

In order to efficiently and effectively designrand fabricate a prototype terrain
reflectance camouflage system for the M60 tank, several preliminary technical problems
required investigation. These are covered in the following paragraphs.

a. Determine the feasibility of camouflaging the front, sides and rear of an M60 Tank

Prime consideration was given early in the program to the prevention of inter-
ference with the normal operation of the tank's turret and gun, a concept which led to
the approach of concealing only the tank hull. With this approach of concealing only
the hull (since it presents the most obvious visual signature) with aluminized Mylar*
film supported by the vehicle, it is considered feasible to camouflage the front, sides
and rear. However, most operational situations would be adequately served by hiding
only the front and one side of the hull. This configuration presents a 900 horizontal
sector over which the hull is completely concealed. On either sie of this sector, the
camouflage is partially effective for an additional 900, as shown in Figure 1. These
sectors can be further protected by the use of natural cover. It was recommended that
the two-sided configuration be deployed under normal circumstances.

* Trade mark, E. I. du Pont de Nemours & Company
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b. Perform a comparison study of the bisurface reflector configuration with the
surface configuration.

Work done on the previous contract showed that there are inherent advantages to
both plane (single surface) and bisurfaced reflectors. The General Electric-developed
bisurface reflector concept consists of a series of plane surfaces arranged, vertically,
at right angles to one another accordion fashion. The bisurfaced reflector was, in effect,
a horizontal retroreflector (see Figure 2.)

Figure 2(a) demonstrates that when a mirror moves through an azimuth angle, as
would occur under wind-gust conditions, the observed image moves. If the mirror is
moved 50 by the wind and the observer is 30 feet away, the image will nnove about 5 feet.
Therefore It is important to reduce motion In the plane surface reflector. This can be

ltnxitAtlmk of oth•r re.,Walita,

PARTIAL CONCE LENT

NO CONCEALMENT
/I-

REFLECTIVE
T SCREENC

TOTAL CONCEALMENT

PARTIAL CONCEALMENT

Figu~re 1 . Areas of Total and Partial ConcealmentaeXS
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The problem of the moving image as a result of screen movement is i'clieved in
the bi-surfaced screen configu ration. This configuration has the characteristic that
both image and object lie along the line-of-sight, independent of the orientation Af the
line-of-sight to the screcn. This means that as the screen is rotated in azimuth by the
wind, th.e image remains stationary, see Figure 2(b). Conversely, however, as Uhe
observer crosses in front of the Screen, the image remains stationary as seen reflected
by a plane mirror, see Figure 2(c) and moves when ob3erved in the bi-reflective surface,
see Figure 2(d). This movement will not be nearly as noticeable to an obsc'ver as mov'-
ment due to plane mirror movement would.

Field observation of small panels show. little significant difference between the
two approaches. The advantage of the stiffer inherent in the bi-reflective surface is
diminished when the vehicle is used for suppc A the screen. The screen is also less
expUsed to wind when it is mounted close to the vehicle hull. In balance, the more compact
and less complicated plane reflective surface was considered superior for the preset":
camouflage concept.

c. Conduct additional studies of materials and select the optimum base matcrial anrd
protective coating for the reflective shield. Determine the durability of the
selected reflectant material.

In light of the prime concept of ro!led refloctive screens, a survey of vrrieus flixih,,

plastic films for base material was made. Their important charactcristics are compared
in the accompanying table. The good mechanical characteristics of Mylar and its read'y
availability in aluminized form made it an excellent Aioice for the base material. Although
Kapton* has mechanical characteristics equivalent to Mylar, it is not as readily available.

The reflective material is subject tc degradation from erosion due to handling and
weather if the aluminum surface is not protected, The appro. ch which offered the best
solution to this problem wls a lanination of Mylar film. with the aluminum reflective sur-
face sandwiched in between. The final material selected was 0. 001" aluminized Mylar
wit', a 0. 007" MNYlar backing.

d. Study and test the employment of the reflective shield as a drape rather than as a
rjiid sheet f-)r cemouflaging the vehicle, tlberebN eliminating the need for supports.

The effectiveness of camouflage by reflectance depends on projecing an image to
the observer that matches the background in brightness, color and form to the greatest
possible degree. In most situations the background is quite similar to the foreground

*Trade mark, E. 1. du Port de Nemours & Company
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and so the foreground Is used as the obJect, to be projected into and blend with the back-
ground. The reflective surface must be tilted forward to present Intended effect to the
observer.

Although the savings in weight, cost, storage volume and time dcploym-:'rt wo'hi
be substantial if It were poss'ble to (i ape the camouflage material on the M6O tank, the
risk that this approach might enhance the visiblilty of the tank by reflecting skylight must
1-e an overriding consideration.

With these restrictions in mire, It is difficult to conceiv,: of a means of draping
reflective material on an M60 tank in a way th.at will mneet these basic requirements and
not enhance the target by reflecting skylight to the observer. A 6" X 16" drape of ,001"
aluminized Mylar was made and draped over a small mijitary vehicle. The result is
illustrated in Figure 3.

Although Figure 3 illustrates an extreme of skylight reflectance, even a small
percentage of this reflectance would result in an obvious enhancement of the tank's
position rather than hiding it. For these reasons, it was concluded that draping is not
a practical approach to camouflage with reflective material.

c. Studv and test the effectiveneas of the reflectant material as a silhouette disrupter.

To eva~uate the effect of reflectance as a silhouette disrupter, small reflective
panc:•. ...cr;. m•... ;--,iod tejbeOi for a ii30-scaie model of wnN M60 tank and- full-scalet
applied tc. the Mll.• vehicle. The effect was generally good, as seen in Figure 4. However,
small independently supported panels must be attached with extreme care to insure that
each panel reflects the foreground back to the observer in the prcpcr manner. They must
also be made rigid with appropriate backing material, thereby posing an additional
storage problem. The panels shown in Figure 4 were 2 X 4 feet.

Sf. Perform human factors analysis to establish the best hardware configuration with
respect to mission objectives, ease of operation and maintenance.

Human factors studies were concerned initially with the basic parameters of target
recognition as a function of distance and contrast. There is an obvious reduction in caoloi"
discrimination and contrast resolution Ilt direct proportion to viewing distance thercby
affecting the recognition threshold. Recognition occurs (the threshold) when there is a
discernable difference between the target and its background. In general, the recognlition
of a camouflaged target is dependent upon such parameters as the size and shape of the
target, the contrast with its background, the illumination level, and time available lor
seeing.

€8



Figure 3. Reflective Material Draped Over Small Vehirio

Figure 4. Silhouotte Disruptor with 2 x 4-Foot Panols
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Human factors experiments involved the conitruction and evaluation of fi,,, reflector
configuration models In a field environment to detcrmine the effect on the ob.merver of
different mechanical cGcnfigurations. Figurt 3-A shows, from left to right, the five:

venetian blind, flat-slat rollup shade, bl-reflective, flat screen with witud pressurc
compensation, and flat screen on solid base. A silcth ccnfiguration was considered; a
series of rollup screens hung vertically alorg the "ehicle's length. This was rcjecced,
as being too complex and increasing the elemerts in the system to an unwieldy number.

The five devices modeled were visually evaluated at distances of from 50 to about 5(0)
meters. The backgrounds were a dead grass field and a brushy creek bottom. Winds
estimated at 5-7 miles per hour caused slight mouvement of the more flexible models.

There were several observations:

1. All units reflected the foreground adequaLely with the flat screcn models pericflching
best. These two, because of their construction, had a higher reflectance coefficient.

2. At 50 meters, all were detectable in the dead grass field. At 200 meters, in the
brush, only [tems 1 and 2 were at the recognition threshold and then only after
concentrated study.

3. Slight movements of the reflectors caused by wind action oid not significantly in-
crease the recognition threshold.

4. Vertical edges wcrc the most readily detected portion ol the reflectors.

There was little optical difference in the five approaches at distances of 200 meters
and beyond. Thus, the overall conclusion reached was that the reflector design, assunming
a viewing distance in excess of 200 meters, should be primarily determined by assembly
and packaging constraints.

During the hardware design phase, General Electric Human Factors personnel
provided design consultation to the equipment designers. This Included anthropomctric
evaluations of proposed configur.itions, formal and informal design review, and a field
u,.c consideration of the final hand-crank configuration. Suggestions were made on the
design and Its operation.

g. Investigate the effects of meteorological and environmental conditions on the
effectiveness and longevity of the reflective shield system.

Several small samples of aluminized Mylar were mounted on a plate and expose,
to the weather. During the 5-week exposure period, they experienced temperature
cycling, rain, and many hours of direct sunlight. The samples having an aluminum front
surface showed considerable deterioration in spots due to erosion of the aluminum
surface. One sample had a reflective second surface protecting the aluminum iy 0.002"

10
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of Mylar film. This sample showed no deterioration to the naked eye. It was concluded
from this test, and the fact that the exposed aluminum could be removed by rubbing,
that a laminated material would be best.

h. Determire the methods of mounting a reflective system on an M60 tank without
interfering with any major function of the vehicle.

With the Intent to keep the size and weight of the reflective camouflage scheme
to a minimum, and impose the least interference on the major functions or the tank,
the following general design approach was developed. The re t lective screens should
be flexible Mylar films that can be rolled up on spools to keep storage space and system
weight to s minimum. Since these flexible films require considerable tension to remain
plane snrfaces when deployed, a rugged framewnrk is required. The tank hull itself will
be used as the main structure of the framework so additional heavy supporting structure
will not, bc required. Attachment points to the tank hull must be strong and stable (e. g.,
the lightweight aluminum fenders were not acceptable as attachment ooints). Using these
guidelines, the system was conceived as follows. The system will consist of two re-
flective screens rolled on vertical spools, stiffened at one end by the roll spool and st
thE other by a rigid bar. The sp)ol and bar will be supported at the top by adjustable
brackets clamped to the tank corners, and at the bottom by spikes driven into the ground.
Adjustments would be provided to accommodate variations in ground level and tank
attitude. The top horizontal edge of the Mylar will be supported by adjustablo Clamps
attached to the taiik by brackets clampned to the funder and tooi boxes. The lower edge
will be similarly clamped using the lower track for support. These clamps will be attached
approximately every 6 feet. For the front screen, a vertical rod supported from the tank
will provide the mounting for clamps supporting the screen. This concept would be de-
tailed during the design phase.

i. The contractor shall conduct tests io determine If the reflective shield system
increases detection of the vehicle to be camouflaged by techniques (IR, radar,
etc.) other than the unaided eye.

Tests were performed on samples of the aluminized Mylar to determine re-
flectance over the UV, visible, and IR portions of the electromagnetic spectrum. (See
Appendix A, for Detectability Analysis. Figures A-5 through A-8 are copies of
tracings from a Beckman Spectrophotometer Model IR9.) The sample with aluminum
on the second surface showed a considerable drop-off in reflectance in the IR region.
Type W polyester (Mylar) was claimed to have much better transmittance characteristics
in the IR and a sample was procured and tested. Although some improvement was
shown, it was not considered significant enough to warrant applying in the system.
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For passive thermal IR detectors, the relative temperatujres of objects are the most
important factors affectmg detection. In analyzing performance with these devices, cal-
culations of contrast of the shielt, elative to the background) and the tank (relative to the
background) were made. Three different shield temperatures (170, 220, and 27'C) were
used. G( and temperature was held at 22°C and target temperature held at 27"C. The
ratios of these contrasts are tabulated below:

(All In Degrees C)

Shield Temp. Tank Temp. Foreground Temp_. Contrast Shielded/Contrast Unshlelded

17 27 22 0.12

22 27 22 0.78

27 27 22 1.7

Since the amount of thermal energy radiated from the foreground and refiected by the
shield to the observer was so slight (compared to the energy directly radiated by the shield)
it was not considered a factor In this analysis.

The reflective shield was designed with a .007 in. thick Mylar backing for strength
and an aluminum coating protected by a . 001 In. thick Mylar front surface. Thir sand-
wich with a total thickness of only .008 Inches was designed to have high visual reflectivitY
and has very lcw mass or weight. Since both the outer surfaces are of Mylar which has
a high coefficient of thermal radiation, the shield will radiate Its energy and stabilize
at a temperature lower than the adjacent ground. Also, losing encrgy through conv.'ection
the shield will be at a temperature approxiniatel. the local air temperature.

When a tank-sized object has a temperature significantly different from Its back-
ground, heat-scnsing devices can detect its locat:on. An example of this "detectability
by contrast" would be, In the visible spectrum, the difference between the black and
white keys on a piano. If the shield is cool relative to the tank a net improvement In
concealing the tank results. Conversely, If the shield is equal to or warmer than the
tank and warn.er still than the background, it will be more ccnspicuous. However, 3ince
the thermal capacity of the shield is small compared to the tank (due to their vastly
different masses) the shield will normally be cooler than thc. tank. This is especially
true at night when thermal detectors are most apt to be used. A detailed analysis is
given in Appendix A.

Upon completion of field testing, all deliverable material was forwarded to LWL.

12



Section II

TECHNICAL DESCRIPTION OF THE TERRAIN REFLECTANCE SYSTEM

INITIAL DESIGN CONCEPTS

The Initial system conceAt was essentially an extension of the previous contract
approach, I.e., a screen large enough to conceal the whole fi ont view of the vehicle.
Several approaches to this concept were developed to determine the best one. The
initial concept was for the screen to be 16' wide and 13' feet high to provide acceptable
shielding of the front profile of the M60 tank.

After review of this concept with LWL technical and military personnel, it was
decided to limit the design requirements to camouflage the M60 tank hull only. Again,
several designs were evaluated. This new requirement to conceal the hull only midc
It possible to bring the screen closer to the tank hull and allowed the use of a somewhat
smaller screen to hide the hull. In this approach, the tank forms the main support for
the system. Concepts Inicluding the storage on, or main support from, the fenders
were eliminated since the fenders do not survive long in an operational environment.
It was concluded that the system would have to be stowed away from its operational position,
and therefore it was decided to limit the length of stowed components to approximately
6 feet.

The m..Ot economicnig : ,vi-.cnt nII tI_, .rms Of bhi!L and ,::e!gh+ "ls to roll up th .. r...
on vertical rolls or spools. This presented some problems that required solution before
such an approach could be pursued. The reflective screen must be relatively flat and
rigid, therefore appreciable tension (-' 150#) must be applied to the flexible material.
This required that rugged support points be useo to take these forces. For this reason,
the sprocket and compensating idler wheel were chosen as the main support points
since their integrity could be counted on. Another requirement for satisfactory operation
was that the support ends of the flexible screen be self-aligning so that no wrinkles arc
produced in the screen when tension is applied. To accomplish this, both support ends
are pivoted so they align automatically when tension is applied. Thus no adjustments are
required of the user personnel and erection can be performed rapidly. There was also
concern that difficulty would be experienced In rolling up the screen for stowage. It was
felt that a long flexible screen with gravity acting adversely would tend to uvork off the roll.
The roll was made large in diameter to reduce the number of turns, and flanges were added
to assist in guiding the screen. A full scale model of this approach was built and tried with
satisfactory results.

The plates connecting the system to the tank wheel and sprocket were designed to
grip the Inside diameter of the wheels with lever actuated cams. Initially it was assumed
the wheels were steel as Indicated in the available drawings. However, it was learned
some M60 tanks were converted to aluminum road and compensating idler wheels with
smaller Inside diameters. The design of the plates attaching to the compensating idler
wheels was modified to accommodate either steel or aluminum wheels.

13



Drawings were made for the fabrication of the hardware in the General Electric
Orcdnance Systems developmnent shot. Most hardware was fabricated fron alunifnuril
to ro&.ce total weight. The refloctive maierial is a 0,001" film of aluminized Mylar
laminated to a film of 0.007" Mylar with the aluminum coating sandwichvd in between.

14



Section III

FIELD TEST

The general objective of the field test was to evaluate the effectiveness of the

system from the standpoint of the user and the viewpoint of the observer. Both aspects

are subjective in nature and do not lend themselves to precise measurement. However,

the time required to perform various functions was recorded, and photographs were

made to illustrate the system's effictiveness under various environmental and simulated

combat conditions.

Tests conducted at General Electric facilities in Pittsfield during the week of

September 10, 1973 were in accordance with the Integrated Test Plan. Since an M60

tank was not available, an M113 vehicle was modified by rigging M60 wheels at

appropriate positions, as support points. The results of these tests are summarized

in the following paragraphs.

Weather conditions varied during the test week from clear skies to light drizzle,

and from calm to winds of 7.5 mph. The terrain, consisting of low rolling hills and

rises, was covered generally with low brush, grass and a few clumps of trees. The

area was restricted to initial viewing distances of less than 400 meters.

Two General Electric Company low-level, non-exempt technicians whose respective
educational backgrounds are equivalent to vocational high school graduates neither of
whom had performed any military service were employed to erect this reflective camou-
flage system. In spite of their total unfamiliarity with the system and with no more than

15 minutes orientation and "on-the-job" training in the field, these two young men erected
the system satisfactorily in seven to eight minutes and were able to disassemble it in
five to six minutes. (It Is expected that erection after dark would take somewhat longer.)
Some difficulty was experienced in attaching the bracket plate to thp •?nh,'umn compensating

idler wheel. This was overcome through the use of knurled rings in the cam-locking
mechanism which Increased the contact surface. No special tools were required and in

general, the hardware worked well (from the user standpoint).

Results of the observer tests indicated that under certain conditions of terrain,
wind, and lighting, untrained personnel may approach to within 50 meters before

locating the tank. The average detection distance was approximately 230 meters.

During the night tests, a Thermal Viewer (AN-PAS-7) and a Starlight Scope
(AN-PAS-2A) were used against the system. Even when the exact location of the

vehicle was known to the observers, the target was not detected with either instrument
until the range had closed to 35 meters.

The following cl':i ... the primary contributors to detection:

1. Whenever the wwid ,,.,. ,i gusted above 5 mph the screens (particularly the side
screen) waved enough to oe spotted if the observer was looking in that area.

2. With the sun behind the vehicle shining at the observer (especially low in the sky)
the screen reflects Its own shadow. When parked against trees or high bushes,
this reflection is not obvious; however, in an open area or low scrub, the reflection
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appeared as a large dark area that was noted by several observers when at
300 meters or less.

3. When the background and foreground were not perfectly similar, the rectangular
shape projected by the screen was noticeable. This clue is detectable at 250
meters and possibly more when the background is some distance from the
vehicle. Attempts to break up the straight lines using cut brush met with fair success.

The final field test consisted of a demonstration of the camouflage by reflectance
system applied to an M60 tank at Aberdeen Proving Ground. The demonstration was
conducted by LWL and General Electric personnel at Aberdeen Juring the week of
10 October 1973. The equipment was mounted on an M60 tank fcr form-and-fit trials.
Some minur modifications to the equipment were required and these were accomplished
at the LWL model shop. The field test and results are discussed in detail
in a separate report entitled "Camouflage by Reflectance", Report of Field
Test, Technical Report # LWL-CR-23C73 dated May 1974,
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Suction IV

CONCLUSIONS & RECO(MMENIAI'TONS

Camouflage by reflectance was applied to an MW0 tank with good results. Froin [an

operational standpoint, there is no other known approach that can match and blend with
such a large variety ol backgrounds. When the user erects the system with an nwareness4
of brightness and color contrast Qffecto, an observer may app .*ac LO within 50 meters
before detectlon is made. The siystemn was desigped to shield only the hull of an M60
tank and therefore must be used in conjunction with other camouflage for the turret and
cupola to completely conceal the tank.

The system was designed to be attached with no modification to the M6i0 vehicle.
Consequently, some components arc larger than would be necessary if the system
were designed integrally with the tank. Sonic components, particularly the wheel
attachment hardware, could be made lighter and easier to attach to the tank wheels.
A better design for these hardware components was difficult since there was no MW(0
available at or near the General Electric plant in Pittsfield, Mass. Since the M6U0 was
not designed to provide deck space for stowage, not having a tank locally precluded any
approach other than four containers which would be tied to the attachment points on the hull.

The system is regarded as meeting all other objectives of the contract and
betters the quantitative requirements of erection time and effective distance. Figures
5 through 10 show the major components of the system in their order of erection.
iFiv Ires iI - 14 sh'ew tilt- Sv-itvxui C f 2 ni., .,. l... fL+%-6,6 t•h •. ~i
M1l13 vehicle. In Figure 13, the camouflaged vehicle is at the intersection of the
horizontal and vertical reference lines.

The system demonstrates the feasibility and effectiveness of applying reflective
camouflage t' large military land vehicles, and .•pecifically, to the M(;O tank. It is
recommended that further field evaluation be performed with the system to evaluate the
suitability of this type of camouflage for large vehicle application. If this evaluation
concludes that reflective camouflage should be further developed for land vehicles, it is
recommended that the design be integrated with the vehicle body in such a manner thit
deployment and stowage would be simplified,
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Appendix A

INFRARED DETECTABILITY ANALYSIS

An analysis was made to determine whether or not the reflective shield would
affeci the detectability of a target in the long wavelength IR region of the spectrum.

The investigation was concerned with a Forward Looking Infrared (FLIR) type threat
because this is typical of sensors expected. The long wavelength IR sensor was
assumed to produce high resolution, television-like thermal images utilizing the IR
radiation emitted by objects in the scene In the 8- to 14-micrometer wavelength band.
The detectability of a target in such a TV imago Is primarily a function of the contrast

between the target and Its surroundings for targets of equal size. Therefore, the
contrast between a target and the ground in fro- t of it was calculated and compared with
the contrast between the shield and the ground in front of it assuming that the target
and shield would be about the same size. The analysis was d.'veloped using the following
terms and symbols:

Radiance (N). Radiance is defined as the IR watts per unit area radiated
into a unit solid angle. In the long wavelength IR portion of the spectrum
(7- to 14-micrometers wavelength) everything at room temperature
radiates IR. The incident sunlight radiation Is negligible compared to this
"self radiance" so that only the self-radiation of objects in the scene was
considered in the analysis.

Contrast (C). The contrast between an object and its surroundings Is the

ratio of the radiance difference between the object and its surroundings
and the radiance of the surroundings. Using subscripts G, S and T for the
ground, the shielded target and the unshielded target object respectively,

CT = NT - NG
NG

CS N S N G
NG

Contrast Ratio (R). This is a figure of merit for the shield and is defined
here as:

R- CS
CT
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If 1>R>-1, then the shield is more difficult to detect than the unshielded
target. If R = +1, the shield and target are equally detectable. If 1 < R < -1,
the shield is more easily detected than the target.

Emissivity (E). An ideal radiator is an object which radiates according to
Planck's Law. Most objects do not radiate as efficiently as an ideal radiator
but radiate a fraction, E, as much. The radiance e1 an object can be given
as the product of the radiance from a Planckian radiator times the objects
emissivity, E. This is useful because the radiance of a Planckian radiator
is completely determined at all wavelengths by its temperature. Emissivity
is independent of object temperature for ambient temperatures, so a complete
description of an object's radiance can then be found knowing only its temperature
and its emissivity.

Reflectivity (r). This is the usual ratio of reflected-to-incident radiation.

Transmission ( T" ). This is the ratio of transmitted-to-incident radiation.
For an opaque object, 'r is zero.

Temperature (T). This is the absolute temperature in degrees Kelvin.

Subscripts. In addition to subscripts G, S and T (for g:ound, shield and
target) previously mentioned, the subscripts A and R are used to refer to
the atmosphere and the receiver (IR sensor). Subscript B is used to denote
a Planckian (black body) radiator.

Primes ('). Primes are used to indicate apparent (as opposed to inherent)
quantities. For instance, N is the inherent radiance of the target. N'1T is
the apparent radiance of the Target as seen by the IR detection system
after transmissioa through the intervening atmosphere and the optics and
detector of the detection system.

Wavelength (0.). All of these variables are assumed to be wavelength dependent.

The figure of merit to be calculated is R', the ratio of apparent target-to-foreground
contrast of the shielded target to the apparent target-to-foreground contrast of an un-
shielded target. Using the definitions given above,

C'
R'=- S

C'
T

(N'S- N'G) / N'G N' S- N'G
(N'T- N'G)/ N'G N' -N
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The radiation appearing to come from the ground in front of We target is
actually coming from two sources, the ground itself and the intervening atmosphere.
Thus:

The notation N (T-,) denotes "the radiance of a black bodY at the temperature of the
ground". SlniVai unotations are used extensively with different subscripts.

The apparent radiance of the target arises from three sources: the Inherent
self-radiance of the target; radiation from the ground adjacent to the target reflected
from the target in the direction of the sensor; and the radiAtion from the intervening
atmosphere. It follows:

T A

÷ f A w q

It then follows that:

A-3
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For a shieldod target, there arc four significant sources of apparent radiance:
the shield ituelf; ground radiltion reflected from the shield; target radiation trims-
mitted through the shield; and radiation Iroin the intervening atmosphere. Hence,

A1 5 A

Rf- A ErTNB (T-T)d2'AV ÷f- crA ( a)J

so that:

aind( by direct substitution and with a little manipulation:

For the case where the transmission of the shield, • , is so low it makes the tiransmijitted

conilolnent of radiation negligible, the preceding equations for the shield become;
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So for the case --zpro

- /rE 7§?A1(½- 1 (I + E.E A/ 8 7 16
/" &- , .

To compute It", representative values of ?, F, aFd, Can as
functions of wavelength are requir ed. N (T ), N (TS ) can be calculated is functions
of w.1velength using llanek's equation once Ke temperaturcs TG9 T S and T.T are specified.

The value-, that w, selected are as follows:

a. 2 S was aSumled to be the relative spectral response of a mercury-doped
germanium detector, the detector used in all current operational FLIR systems.

The spectral data was taken from the readily avollable open literature.

b. ? is a functionr of tile range from the dtection equipment to the target,
the absolute humidity and the altitide. For this analysis, a 1-kilometer path

along the ground was assumed with 1 toni of precipitable water In the path.
Substantial variations in range and humidity would probably have little effect
on R'-. However, this should be verified by additional calculation,.
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c. E the shield emissivity, was calculated from transmission measurements
on 0. 901" Mylar and reflection measurements on uncoated aluminized Mylar
because samples of coated aluminized Mylar were not available at the time the
analysis was made.

d. E G was derived from measured data taken from the Air Force Avionics
Laboratory (AFAL) data library. Emissivity of several representative foliage
aid soil samples were averaged to produce a composite emissivity vs. wavelength.

e. ET, also derived from AFAL data, is the average of several paint spectra
plus several soil spectra and provides a composite emissivity spectrum
representative of paim. with dirt on it. The paint samples selected were chosen
because they matched the soil and foliage spectra reasonably well. This test
was applied in the selection of paints, assuming that the paint for a combat
vehicle would be selected for its IR as well as visual camouflage properties.

The computation of R' was done on a Honeywell 6000 series computer. The
program is written in time-share Fortran 4 and~can be run on any computer with
a Fortran 4 time-share system capability. Figures A-1, A-2 and A-3 are plots of
the data obtained. As the plots show, the shield makes the target harder to detect
over a significant range of parameters and is most effective when the target is
hottest, i.e., most detectable. On the other hand, the shielded target is more
detectable under some conditions and this isundesirable. On each graph, one curve
departs radically from the others. This occurs for target temperatures about 50
below ground temperature. At this temperature with the data used, C' is very
small and thus, for almost any finite value of C'S, R' blows up. Since' is highly
variable under these conditions, the values of C'S and C' are more significant than R'.

Figure A-4 illustrates a desirable shield modification which would improve
the IR performance of the shield. By using a highly transparent protective coating
for the front of the shield so that it has a high (80% assumed) reflectivity in the
long wavelength IR region (as it does in the visible) the shield works much better.
For Instance, polyethylene has the transmission characteristics desired.

A-6



CONTRAST
4 RATIO

LU

TARGET 2i 750K 00

TARGGET 2800 K

o w

Li 265 267 26 \6-TRET 8 0
ZD II I

2ON77 2795 281 283 285
00 ISHIEILD(OK)

Uco 00000

LU

-24 RATIO OF SHIELDED-TO-
- rUN$HIý!-DED TARGET-TO--
LU FOREGROUND CONTRAST

0

-37-14 MICROMETERS
O 1.0 KILOMETER

2750K GROUND TEMPERATURý

4 (360F)I,-4

-6

-7

Figure A- I



CONTRAST
4 RATIO

0
3

W. \TARGE@90 TARGET Ca 295'0k iP.

GE 285' 2907
U-

-2 NSIELEDTARGET-ýT 30-

285 21.0 KLM TERGE 0

I.--

FgeA-20



CONTRAST

4 RATIO0 1 ......3..
TARG..... ..100 K.AGT(~35

.. . . . .. . . . ....
.. . ..-. . . .

.. . . .-. .. . .

.u .. ... .
TARG 6' 110KTR ET*3,5

I 4.e

.. 3~. FOERON CONTRAST ..

7~ ... 14. MICOMEER0 1.KIOEE

305 307
0  G OUN TEMPERT UR20E

1) -2

F-ueA3



CON TRAST
4 RATIO

.. .. ...4

LU

TA 3

2.. ...... RGET 2950K
00

TARGET (7 300 K

1 ... TAR<GET @3050K

291 - --

0~ 285 287 289~~% 293 29'5 297 299 301 303 3405

U--1

O RATIO OFHHIELDED-TO

.... FORGRUN CONTRAST..

1. .0 ..ILOMETER2950..... K GROUND. TEMPERTURE.-
(7 2 0 F ) ... ...... .... ... . ... .

HYPOTHETICAL........ HIG ......
REFLECTIVITY..... SHEL -6........ ... ...... ....-.. ...m ... ...............1. .
.~ ~~~~~Fgr A-4 .......



IO >

NJI

I 2:r
I~~ I .11

0) 00 r- (D LO.



Q N

LI) I-5:

Iz D
-JJ 1 D

< CL

I I I I8

-- ------ *- .4 - -4Ca
I In

* * I I o

-4 I Lo.

(D IOC

* I I I



01

Ir 0

I 1

C)

LU

LUJ

z.0

LU L

-J z
LUL

0 0 C 0 0

LU 
0)0)n-I ~



In

.LL

LUd

- ~ -- ,..

D -~ -~ -

00 LO C~


